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(54) Title: EXPANDABLE SUTURE ANCHOR 




An adjustably expandable suture anchor (10) includes a pair of members, one of 
which includes a suture mount, that is configured to be secured together in a selected one 
of a plurality of positions to cause one of the members to expand by an amount that 
corresponds to the selected position. The expandable member is an outer member (12) and 
the other member is an inner member (14) which is progressively insertable into an 
opening (16) in the outer member, and securable in the selected position therein. The 
inner member can be threaded into the outer member or inserted therein in a rachet-like 
fashion. As the inner member is inserted distal ly into the outer member, an exterior 
enlargement (29) on the inner member engages arms (22) which extend proximally from 
the body, and causes the arms to progressively expand radially outwardly. The adjustable 
expansion allows the amount of fixation to be varied accordingly. 
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(54) Title: EXPANDABLE SUTURE ANCHOR 



An adjustably expandable suture anchor (10) is provided. The suture anchor (10) includes a 
pair of members, one of which includes a suture mount, which are configured to be secured together 
in a selected one of a plurality of positions to cause one of the members to expand by an amount 
that corresponds to the selected position. In one embodiment, the expandable member is an outer 
member (12), and the other member is an inner member (14) which is progressively insertable into 
the selected position therein. For example, the inner member is threaded into the outer member 
body or inserted into the body in a rachet like fashion. As the inner member is inserted distally into 
the outer member, an cxterioT enlargement on the inner member (29) engages a plurality of arms 
(22) which extend proximally from body (20), and causes arms to progressively expand radially 
outwardly. Thus, the amount of expansion and fixation is adjustable. 
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EXPANDABLE SUTURE ANCHOR 



This invention relates to suture anchors. 

Suture anchors are used to mount suture to bone for 
subsequent attachment of ligaments, tendons, or other tissue. 
Some suture anchors are inserted into a pre-drilled hole in the bone, 
while others are "self-tapping 11 and are threaded into the bone 
through the bone surface. In either case, ridges which extend 
outwardly from the exterior surface of the suture anchor help retain 
the anchor in the bone tissue (in self-tapping anchors, the ridges are 
often the external threads). 

One difficulty faced by the surgeon is providing the correct 
amount of fixation of the anchor for the quality of bone in which the 
anchor is fixed. 

It is therefore an object of the present invention to overcome 
this problem. 

This invention features an adjustably expandable suture 
anchor. Because the amount of expansion is adjustable, the suture 
anchor can be customized to provide the proper amount of fixation 
for the quality of the bone in which the anchor is installed. For 
example, when used in relatively soft bone tissue, the suture anchor 
can be expanded to a greater degree than might be required in 
harder bone tissue to obtain secure fixation. As a result, the suture 
anchor is useful for a wide variety of surgical procedures. 

In one general aspect of the invention, the suture anchor 
comprises a pair of members, one of which includes a suture mount, 
that are configured to be secured together in a selected one of a 
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plurality of positions to cause one of the members to expand by an 
amount that corresponds to the selected position. 

Preferred embodiments may include one or more of the 
5 following features. 

The expandable member may comprise an outer member, and 
the other member is an inner member which is progressively 
insertable into an opening in the outer member and securable in the 
10 selected position therein. The outer member may include a body to 
which the inner member is secured, and an expandable portion 
configured to be expanded by the inner member. The opening is 
disposed through the expandable portion and the body along a 
longitudinal axis of the outer member. 

15 

Preferably, the expandable portion includes a plurality of arms 
which extend axially and proximally from the body. The arms are 
arranged around the periphery of the body and are circumferentially 
spaced by axially extending slots. In one embodiment, each slot 
20 includes an enlarged portion adjacent to the junction between the 
arms and the body. This allows the arms to be more readily 
expanded by the inner member. 



The inner member may be insertable into the opening at the 
25 proximal end of the outer member. An exterior enlargement on the 
inner member engages the arms and causes the arms to 
progressively expand radially outwardly as the inner member is 
inserted distally into the opening. In one embodiment, the 
enlargement tapers in size axially along inner member. For 
30 example, the enlargement is a conically shaped proximal end of the 
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inner member. In another embodiment, the enlargement is a rib 
disposed on a portion of the exterior surface. 



The suture anchor members can be secured together in a 
5 variety of ways. In one embodiment, the members are each 
provided with threads and are secured together by rotatabfy 
inserting the inner member into the outer member. The threads are 
-located in the opening of the outer member body and on the distal 
end of the inner member. The threaded engagement between the 
1 0 inner and outer merfiBers allows the amount of expansion to be 
continuously adjusted according to the amount by which the inner 
member is rotated into the outer member. 



In another embodiment, the inner and outer members are 
15 configured to engage each other in a ratchet-like fashion. This 
enables the outer member to be selectively expanded simply by 
advancing the inner member axially into the opening - no rotation is 
required. In this approach, circumferential grooves are arranged 
axially along the exterior surface of the inner member, and are 
20 progressively engaged by a projection in the body opening as the 
inner member is inserted axially into the outer member. 

One or more transversely-oriented ridges may be disposed on 
the exterior surface of the outer member arms. These ridges further 

25 assist in retention by enhancing the interference fit between the 

suture anchor and the bone. A series of axially-oriented ridges may 
be arranged around the periphery of the body's exterior surface. 
The axial ridges are particularly useful in resisting rotation of the 
outer member in the embodiment in which the inner member is 

30 threaded into the outer member. The outer member can be 

configured for insertion into a pre-drilled bone hole, or not. In the 
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latter case, the outer member may include threads on its exterior 
surface to ease insertion. 



In one embodiment, the suture mount is on the inner member. 
5 For example, a suture receiving passage is arranged in the inner 
member along the longitudinal axis thereof. The passage is 
enlarged near the distal end of the inner member (such as by 
tapering the passage in width). Enlarging the distal portion of the 
passage allows a knot formed when, e.g., multiple sutures are tied 
1 0 together to be retractedlnto the interior of the inner member. 

thereby protecting the knot and the suture from damage when the 
suture anchor is emplaced and expanded within the bone. 



Alternatively, the suture receiving passage in the inner member 
1 5 may be oriented transversely to the inner member's longitudinal 
axis. A pair of axially oriented channels are provided in the exterior 
surface of the inner member adjacent to the open ends of the 
transverse passage; the channels receive suture which is passed 
through the passage and help protect the suture from being 
20 damaged by the interference fit between the suture anchor and 

bone. The channels also allow the user to slide the suture within the 
passage when the suture anchor is in place in the bone. 

In another embodiment, the suture mount is disposed on the 
25 outer member. For example, distal end of the outer member is 
closed (and forms, e.g.. a tapered tip), and a suture receiving 
passage is disposed in the closed distal end. The passage is 
oriented transversely to the longitudinal axis of the outer member 
and has a pair of open ends in an exterior surface of the outer 
30 member. A pair of axially-extending channels are disposed in the 
exterior surface adjacent to the open ends of the passage to receive 
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suture. These channels are aligned with the slots between the 
expansion arms of the outer member to provide a path for suture 
between the suture anchor and the bone tissue. 

5 Another aspect of the invention features a combination of the 

suture anchor and a driver for expanding the anchor in the bone. 

Preferred embodiments may include the following features. 

1 0 The driver and the proximal region of the inner member are 

configured to co-operate with each other to allow the driver to 
transmit force to the inner member and insert it into the outer 
member. For example, in the embodiment in which the inner 
member threads into the outer member, the engagement of the 

1 5 driver and inner member (such as a socket in the proximal region of 
the inner member which receives a corresponding post on the 
driver) allows the driver to transmit torque to rotate the inner 
member. In embodiments in which the suture receiving passage is 
oriented axially through the inner member, an end of the passage 
20 opens at the socket. A suture passage in the driver communicates 
with the suture receiving passage in the inner member when the 
post is received in the socket. 

The driver preferably includes a movable shaft disposed within 
25 an outer sleeve. The distal end of the outer sleeve may be 

configured to engage the outer member within a plurality of axially 
extending slots between the arms of the outer member. The 
engagement between the outer sleeve and the outer member of the 
suture anchor aids in emplacing the outer member in the bone, and 
30 provides a way of keeping the outer member stationary while the 
inner member is being progressively inserted therein. The outer 
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sleeve also includes an exterior shoulder positioned a selected 
distance proximally of the distal end. The shoulder limits the depth 
in which the suture anchor can be inserted into the bone. 

The suture anchor is easy to use and can be securely attached 
in a wide variety of bone tissue. After the anchor is placed into the 
bone (either in a pre-drilled hole or by threading the anchor into the 
bone), the inner member is progressively advanced within the outer 
member until it expands the outer member by the desired amount. 

One particularly useful method of using the suture anchor is to 
preselect a threshold amount of force that is to be exerted on the 
inner member during insertion, and measure the force (such as with 
a torque meter) during insertion. Insertion is stopped when the 
threshold force level is reached. This technique helps ensure that 
the outer member is expanded by the correct amount regardless of 
the density of the bone tissue. Thereafter, the suture anchor is held 
securely in place by the expanded outer member and the transverse 
ridges thereon. 

Other features and advantages of the invention will be 
apparent from the following detailed description, and from the 
claims. 

Fig. 1 shows a variably expandable, two-piece suture anchor; 

Fig. 1 A is a proximal end view of an outer, expandable member 
of the suture anchor of Fig. 1, taken along lines 1A-1A; 

Fig. 1B is a side view of the expandable member of Fig. 1A; 

Fig. 1C is a proximal end view of an inner member of the 
suture anchor of Fig. 1, taken along lines 1C-1C; 

Fig. 2 shows a drive tool used to insert the inner member into 
the expandable member of the Fig. 1 suture anchor 
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Figs. 3-3B illustrate how the suture anchor of Fig. 1 is inserted 
into bone; 

Fig. 4 shows another variably expandable, two-piece suture 
anchor, with the expandable member shown in cross-section; 
5 Fig. 4A is an end view of the suture anchor of Fig. 4, taken 

along lines 4A-4A; 

Fig. 5 shows the suture anchor of Fig. 4 and a drive tool; 

Fig. 6 shows yet another variably expandable, two-piece suture 
anchor, with the expandable member shown in cross-section; 
1 0 Fig. 7 is a side view of the expandable member of the suture 

anchor of Fig. 6; and 

Fig. 8 shows still another variably expandable, two-piece 
suture anchor. 

Figs. 9-9B illustrate yet another variably expandable, two piece 
15 suture anchor. 

Referring to Figs. 1-1C, adjustably expandable suture anchor 
10 includes an outer expandable anchoring member 12 and an inner 
memoer 14 which serves as a plunger that can be secured in any 
20 one of a plurality of positions within a cylindrical axial bore 16 in 
outer member 12. As will be described in more detail below, the 
insertion of inner member 14 causes outer member 12 to expand by 
an amount that corresponds to the position in which inner member 
14 is inserted into outer member 12. 

25 

Outer and inner members 12, 14 may be made from 
bioabsorbable material, or not If bioabsorbable, members 12, 14 
can be made from any suitable copolymer, e.g., potyglyconate or 
PLA (polylactic acid). Suitable nonbioabsorbable materials include 
30 plastic polymers such as polyacetals (e.g., Deirin™ which is 

commercially available from duPont Corporation) and polyethylene, 
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and metals such as titanium and stainless steel. If desired, outer 
and inner members 12, 14 can be made from different materials. 

Outer member 12 includes a tubular body 20 at its distal end 
through which axial bore 16 passes. A portion of bore 16 is 
threaded 1 8 within body 20. A set of, e.g., four expansion arms 22 
are integrally formed with body 20 and are arranged around bore 16. 
Arms 22 extend axially from body 20 to the proximal end of outer 
member 12. Put another way, arms 22 are cantilevered from body 
20, and the free proximal ends 23 of arms 22 define the proximal 
end of bore 16. Expansion arms 22 are circumferentially spaced 
around the periphery of body 20 by axially extending slots 21 for 
purposes to be explained. 

A series of (e.g., three) retention ridges 24 oriented 
transversely to the longitudinal axis 25 of outer member 12 are 
formed on the exterior surface of arms 22. Transverse ridges 24 are 
axially spaced from each other along arms 22. As shown in Fig. 1B, 
transverse ridges 24 include an inclined distal edge to ease insertion 
of outer member 12 into the bone, and a straight proximal edge 24a 
to resist pull out of outer member 12 from the bone. Body 20 
includes a series of (e.g., four) axially-oriented ridges 26 on its 
exterior surface. Axial ridges 26 each includes an inclined edge and 
a flat edge 27 and are circumferentially aligned with slots 21 (Fig. 
1A). As discussed in more detail below, axial ridges 26 resist 
rotation of outer member 12 in the bone. 

Fig. 1 B shows the exterior of outer member 1 2 in detail. The 
overall length of outer member 12 is approximately 9.0mm (0.35) 
inches, and the outer diameter 132 of body 20 and arms 22 is 
approximately 4.54mm (0.177 inches). Transverse and axial ridges 
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24. 26 each protrude approximately 0.38mm (0.015 inches) from the 
exterior surfaces of arms 22 and body 20, respectively. Axial ridges 
26 have a length 134 of about 3.4mm (0.133 inches). The inclined 
distal edges of transverse ridges 24 form an angle 136 at about 36° 
5 with longitudinal axis 25. 



Inner member 14 (Figs. 1 and 1C) includes a threaded distal 
section 28 with a blunt distal tip 28a which passes through bore 16 
and engages threads 18 in outer member body 20. The proximal 

1 0 region 29 of inner member 14 is enlarged with respect to the interior 
diameter of bore 16 with a conically-shaped head 30. The exterior 
surfaces 31 of head 30 are tapered along axis 25 to provide a 
maximum diameter at the proximal end of inner member 14. A 
hexagonal socket 40 (Fig. 1C) is formed in head 30 for receiving a 

1 5 drive tool 42 (Fig. 2) used to insert inner member 14 into outer 
member 12, as will be explained. 

An axial passage 32 is formed along longitudinal axis 25 
through inner member 14 to provide a suture mount. Passage 32 

20 receives suture 34 via an open proximal end in the radial center of 
socket 40 (Fig. 1C). Suture 34 passes completely through inner 
member 14 and emerges at an open distal end of passage 32 
adjacent distal tip 28a of inner member 14. The distal region 36 of 
passage 32 has an enlarged width with respect to proximal regions 

25 37 of passage 32. Preferably, distal region 36 tapers to the 
narrower width of proximal region 37, but distal region 36 can 
alternatively step down in size. During use, a knot 38 formed in 
suture 34 can be retracted into enlarged distal end 36 of passage 32 
(by pulling suture 34 proximally in the direction of arrow 39). Among 

30 other advantages (discussed below), distal end 28 surrounds knot 
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38 and protects it from being damaged by the interference fit 
between suture anchor 10 and the bone. 



Referring to Fig. 2, drive tool 42 includes a hexagonal post 48 
5 on its distal end which mates with socket 40 of insert member 14. 
The engagement between socket 40 and post 48 allows driver 42 to 
transmit insertion forces (in this example, torque) to rotate inner 
member 42. An internal suture tunnel 50 passes through drive tool 
42 and post 48 and communicates with suture receiving passage 32 
1 0 of inner member 12. Suture tunnel 50 is disposed on the 

longitudinal axis 25' of drive tool 42. which is aligned with inner 
member longitudinal axis 25 when post 48 is inserted into socket 40. 
As a result, when drive tool 42 is used to thread inner member 14 
into outer member 12, drive tool 42, inner member 14, and suture 34 
1 5 all rotate with respect to outer member 12. This avoids twisting and 
possibly damaging suture 34. 



Referring to Figs. 3-3B, suture anchor 10 is inserted and 
expanded in a pre-drilled hole 44 in bone tissue 46 as follows. 

20 (Drive tool 42 is not shown in Figs. 3-3B for ease of illustration.) As 
a preliminary step, suture 34 is passed through the drive tool and 
through axial passage 32 in insert member 14, and is knotted 38 
(Fig. 1). Suture 34 is then pulled proximally (arrow 39), thereby 
retracting suture knot 38 into the enlarged distal end 36 of passage 

25 32. The user then uses drive tool 42 (or his or her hands) to partially 
thread inner member 14 into outer member 12 until enlarged head 
30 is positioned against (or slightly proximally of) the proximal end of 
outer member 12. Suture anchor 10 now has the configuration 
shown in Fig, 3. 



30 
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Next, suture anchor 10 is inserted into pre-drilled hole 44. 
Depending upon the quality of bone tissue 46, hole 44 should be 
either the same diameter as or slightly narrower than the diameter of 
the cylindrical exterior surface of outer member 12. This provides 
5 an initial interference fit between outer member 12 and bone tissue 
46 which, among other advantages, helps avoid outer member 12 
rotating in hole 44 when inner member 14 is rotated further into 
outer member 12 to expand outer member 12. Preferably, bone 
hole 44 is sufficiently deep to enable outer member 12 to be 
1 0 installed (and thus benexpanded) below in the cancellous bone 
beneath cortical bone 45, though this is not required. Indeed, 
cortical bone 45 need not be present and can even be removed (as 
is sometimes done in rotator cuff surgery) before outer member 12 
is inserted. 

15 

Drive tool 42 is then used to rotate inner member 14 within 
outer member 12 to progressively advance inner member 14 axially 
into outer member 12. The engagement between threaded distal 
region 28 of inner member 14 and threads 18 of outer member body 

20 20 allows the user to advance inner member 14 to any selected 
axial position within outer member 12 by rotating inner member 14 
by a corresponding amount. Axial ridges- 26 help avoid outer 
member 12 rotating within hole 44 as inner member is being 
threaded into outer member 12 (specifically, rotation is resisted by 

25 the engagement between flat edges 27, Fig. 1 A, and bone tissue). 

As inner member 14 advances distally, the tapered exterior 
surfaces 31 of enlarged head 30 engage the interior surfaces of 
arms 22, thereby causing arms 22 to expand radially outwardly. The 
30 amount by which arms 22 are radially expanded corresponds to the 
amount in which inner member 14 is inserted into outer member 12. 
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For example, initially, when only proximal ends 23 of arms 22 are 
engaged by head 30, arms 22 are urged outwardly by a relatively 
small amount. But as inner member 14 is advanced distaJly in bore 
16, head 30 engages arms 22 more distally, thereby causing arms 
5 22 to be flared further outwardly (Fig. 3B). 



As a result, the user can tailor the amount of expansion to 
provide the proper amount of fixation for procedure at hand. One 
way in which the user can control the amount of expansion is by 
10 using a torque meter to measure the force applied by drive tool 42. 
For example, the user sets a maximum torque level in advance 
according to the amount of fixation desired, and then inserts inner 
member 14 until this torque level is achieved. Accordingly, the 
amount of expansion will be a function of bone density. For 
15 example, when used in relatively soft bone tissue in which more 
fixation strength is desired (e.g., the greater tuberosity of the 
humerus during rotator cuff repairs), suture anchor 10 is expanded 
to a greater degree than might be required in harder bone tissue to 
obtain the same torque measurement. 

20 

The user advances inner member 14 until the desired amount 
of expansion is achieved (Fig. 3B). Drive tool 42 is then withdrawn, 
and suture 34 is ready for attachment to tissue (such as a ligament, 
tendon, or cartilage). The forces exerted between enlarged head 30 

25 and bone tissue 46 through expanded outer member 12, as well as 
the threaded engagement with outer member 12, help retain inner 
member 14 in its inserted position and avoid inner member 14 
"backing out" of outer member 12. Also, particularly when inner 
member 14 is made from a plastic, knot 38 (Fig. 1) may distend the 

30 distal walls of inner member 14 adjacent to opening 36 in response 
to pulling forces applied to suture 34, thereby further assisting in 
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retaining inner member 14 in place. In addition to the expansion of 
outer member 12, transverse ridges 24 (and specifically the flat 
edges 24a, Fig. 1B, thereof) help retain suture anchor 10 within 
bone tissue 46 and resist pull-out in response to forces applied to 
suture 34. 

Suture anchor 10 can be subsequently removed, if desired, by 
withdrawing inner member 14 using drive tool 42. Outer member 12 
can then be collapsed radially using a suitable tool and extracted 
from bone tissue 46. 

Other embodiments are within the scope of the following 
claims. 

For example, outer and inner members 12, 14 can have other 
suitable configurations. More or fewer expansion arms 22 or 
transverse and axial ridges 24, 26 may be provided, as desired. 
Body 20 may also be equipped with transverse ridges 24. Proximal 
edges 24a of ridges 24 (Fig. 1B) can be back-cut to aid in retention. 

The bone hole in which the suture anchor is mounted need not 
have cylindrical sides as illustrated. Instead, the hole can be 
tapered or have a stepped configuration. These alternatives may 
assist installing the suture anchor, and the variable expandability of 
the suture anchor helps ensure that suitable fixation strength will be 
obtained. 

Other types of engagement between inner member 14 and 
drive tool 42 may be provided. For example, socket 40 (Fig. 1) can 
be, e.g., square-shaped rather than hexagonal. The positions of 
socket 40 and post 48 can be reversed. 
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The expansion-causing engagement of the inner and outer 
members need not be provided between a tapered conical head 30 
and a cylindrical bore 16. For example, the configurations of bore 
5 16 and head 30 can be reversed (e.g., the bore may be tapered and 
for engagement by a cylindrical head). Indeed, any arrangement 
which provides adjustable amounts of expansion will suffice. 

Referring to Figs. 4 and 4A, a suture anchor 60 includes an 
10 inner member 64 with a rib-shaped protrusion 76 near its proximal 
end for engaging and expanding an outer anchoring member 62. As 
with suture anchor 10, suture anchor 60 is assembled by threading 
inner member 64 into outer member 62. To this end, outer member 
62 includes a cylindrical axial bore 66 that extends into a tubular 
1 5 body 70 at the distal end of outer member 62. Bore 66 is threaded 
68 in body 70. A set of (e.g., four) circumferentially spaced arms 72 
are integrally formed with body 70 and extend axially from body 70 
to free ends at the proximal end of outer member 62. Arms 72 are 
spaced by axially extending slots 89 for purposes to be explained 
20 and include transverse ridges 74 on their exterior surfaces. 

Inner member 64 includes a threaded distal section 79 with a 
pointed tip 79a which passes through bore 66 and engages threads 
68 in outer member body 70. Rib 76 is located near the proximal 
25 end of inner member 64 and has an outer diameter which is greater 
than the diameter of bore 66. As a result, rib 76 engages arms 72 
and causes arms 72 to progressively expand radially as inner 
member 64 is threaded into outer member 62. 

30 The suture mount in suture anchor 60 is provided by a slot 78 

which extends transversely through inner member 64 slightly distally 
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of rib 76. A pair of axially extending channels 80 are formed in the 
exterior surface of inner member 64 between the proximal end 82 of 
inner member 64 and slot 78. Channels 80 are circumferentially 
aligned with the open ends of slot 78 and interrupt rib 76 (Fig. 4A) to 
5 provide passages for suture (not shown) which is passed through 
slot 78. This helps avoid damaging suture during the insertion of 
inner member 64 into outer member 62. 



Referring also to Fig. 5, the proximal end 82 of inner member 
1 0 64 is a hexagonally shaped post which mates with a drive tool 84. 
Drive tool 84 includes an inner shaft 81 which is rotatable within an 
outer sleeve 83. A hexagonally shaped socket 86 in the distal end 
of shaft 81 receives the hexagonal proximal end 82 of anchor inner 
member 64. Outer sleeve 83 extends distally of socket 86 and 
1 5 terminates in a set of (e.g., four) extension fingers 87 which are 

sized to be received in the axial slots 89 of anchor outer member 62 
(Fig. 4). Drive tool 84 includes openings, not shown (e.g., along the 
sides of shaft 81 or through the interior thereof) through which 
suture is passed to inner member 62. 

20 

As with suture anchor 10, during use suture anchor 60 is 
inserted into a pre-drilled bone hole. (Alternatively, pointed tip 79a 
allows suture anchor 60 to be driven directly into the bone without 
first forming a bone hole.) After suture has been threaded through 

25 slot 78 and channels 80, inner member 64 is partially threaded into 
outer member 62 until rib 76 is disposed slightly proximally of arms 
72. Suture anchor 60 is then installed in the bone hole using drive 
tool 84. An exterior shoulder 85 positioned proximally of the distal 
end of sleeve 83 limits the depth to which suture anchor 60 can be 

30 inserted. 
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To expand suture anchor 60, the user holds outer sleeve 83 
firmly in place and rotates inner shaft 81 . The engagement of 
fingers 87 within slots 89 keeps outer member 62 stationary, and 
thus the rotation of inner shaft 81 advances inner member 64 distally 
5 into outer member 62. Rib 76 engages arms 72 and causes arms 
72 to expand radially outwardly as inner member 64 advances. As 
with suture anchor 10, the amount of expansion corresponds to the 
amount in which inner member 64 is inserted into outer member 62. 

1 0 A drive tool similar to drive tool 84 can be used to install suture 

anchor 10 (Fig. 1). In this case r extension fingers 87 would be 
received by slots 21 in outer member 12, and inner shaft 81 would 
include a hexagonal post (rather than a socket) to engage and 
rotate inner member 14. 

15 

Referring to Figs. 6 and 7, adjustably expandable suture 
anchor 90 is "self-tapping" into bone, and thus does not require a 
pre-drilled bone hole. Expandable outer member 92 (which is 
advantageously made from stainless steel in this embodiment) 
20 includes screw threads 96 on its exterior surface to enable outer 
member 92 to be threaded through the bone surface. In addition, 
inner member 94 includes a screw-tip 98 at its distal end to aid in 
self-tapping. 

25 Any of the adjustable expansion techniques described herein 

can be used to cause inner member 94 to selectively expand outer 
member 92. In the example shown, inner member 94 includes a rib 
176 near its proximal end 182 similar to that of suture anchor 60. 

30 The proximal end 182 of inner member 94 is hexagonal in 

shape to receive inner shaft 81 of drive tool 84 (Fig. 5). Inner 



WO 97/29693 PCT/US97/02200 

17 

member 94 also includes a transverse suture passage 178 and a 
pair of axially extending channels 180 similar to those discussed 
above for suture anchor 60. The distal end of inner member 94 is 
threaded 100 and engages interior threads 102 in the distal region 
5 of outer member 92. A set of (e.g., four) axially extending expansion 
arms 172 are integrally formed with the threaded distal region of 
outer member 92. Arms 172 are spaced by axial slots 189 (Fig. 7) 
nwhich receive drive tool extension fingers 87 (Fig. 5). 



10 Suture anchor 90 is inserted and expanded in the bone as 

follows. First, suture anchor 90 is assembled to the extent shown in 
Fig. 6 and threaded with suture (not shown). Next, outer member 92 
is installed onto the distal end of drive tool outer sleeve 83 (Fig. 5) 
by sliding extension fingers 87 into slots 189, and outer sleeve 83 is 

1 5 used to thread outer and inner members 92, 94 together into the 
bone. Then, outer sleeve 83 is held stationary, and inner shaft 83 is 
rotated to advance inner member 94 within outer member 92. Rib 
176 engages and radially expands arms 172 as inner member 94 is 
advanced distally into outer member 92 until the selected amount of 

20 expansion is achieved. External threads 96 serve as retention 
ridges to help resist pull-out of anchor 90 from the bone. 

Other ways of inserting the inner member into the outer 
member are possible. 

25 

For example, referring to Fig. 8, suture anchor 1 10 includes a 
ratchet-like mechanism for progressive insertion and retention of 
inner member 114 into outer expandable anchoring member 112. 
Outer member 112 includes a bore 1 16 with a protrusion 1 18 (or a 
30 set of circumferential ly spaced protrusions 118), preferably a 
circumferential protrusion. Inner member 1 14 includes spaced 
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circumferential grooves 120 which "lock" with protrusion 118 as 
inner member 1 14 is axially pushed (rather than rotated) into bore 
116. The ratchet-like mechanism permits purely axial insertion of 
inner member 114 and retention of inner member 1 14 at a desired 
5 position to control the amount of expansion of arms 122 (i.e., inner 
member 114 need not be rotated to progressively insert ft into bore 
116). 

Suture anchor 1 10 can include any of the suture mounts 
10 discussed herein. For example, head 1 14 may be equipped with a 
transverse hole and a pair of axial channels similar to those shown 
in Fig. 4 for receiving suture. Alternatively, of course, the axially- 
oriented suture mount of Fig. 1 can be used. 

1 5 Referring to Figs. 9-9B, another adjustably expandable suture 

anchor 200 includes an expandable outer anchoring member 202 
and an inner member 204 which is threaded into outer member 202 
to adjustably expand outer member 202 in a manner similar to that 
described above for suture anchors 10, 60, and 90. Inner member 

20 204 is similar to inner member 1 0 (Fig. 1 ) and includes a threaded 
distal section 206 with a blunt tip, and an enlarged, conically-shaped 
proximal head 208. The proximal end of inner member 204 includes 
a hexagonally-shaped opening 210 that receives a drive tool. 

25 Outer member 202 includes a tubular body 212 with an interior, 

threaded bore 214 which is engaged by threaded inner member 
section 208. A pair of arms 216 extend axially and proximally from 
body 212 to the proximal end of outer member 202. Body 212 and 
arms 216 are integrally formed as a single unit. Arms 216 are 

30 circumferentially spaced around the periphery of outer member 202 
by a pair of keyhole-shaped slots 218 which are separated by 180 
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degrees. Each slot 218 has a relatively narrow neck 210 that 
extends axially from the proximal end of outer member and 
terminates in an enlarged aperture 220 adjacent to the junction 
between body 212 and arms 216. Using only two arms 216 
5 increases the surface contact with the bone tissue, which enhances 
retention. Enlarged apertures 220 help ensure that arms 216 are 
sufficiently flexible at body 212 to expand radially. 

The distal end 222 of outer member 202 is closed and 
defines a tapered tip. A suture mount in the form of an opening 224 

1 0 is formed through distal end 222 transversely to the longitudinal axis 
of outer member 202. The ends of opening 224 are open and are 
circumferentially aligned with a pair of suture-receiving channels 226 
in the exterior surface of outer member 202. Channels 226 are in 
turn circumferentially aligned with keyhole-shaped slots 218 to 

1 5 provide a passage for suture which is passed through opening 224. 

A series of (e.g., seven) axially spaced, transversely oriented 
ridges 228 are formed on the exterior surface of body 212 and arms 
216. Transverse ridges 228 help retain suture anchor 200 within 

20 bone by providing an interference fit with the bone tissue. Outer 
member 202 also includes a pair of axially extending ridges 230 
which protrude from the exterior surface of body 212. Such axial 
ridges 230 fractionally engage the walls of a bone hole to resist 
rotation of outer member 202 when inner member 204 is being 

25 inserted into outer member 202. 

In use, with outer and inner members 202, 204 assembled as 
shown in Fig. 9B (and with suture, not shown, passed through 
opening 224), suture anchor 200 is inserted into a bone hole. Inner 
30 member 204 is then threaded into outer member 202 so that conical 
head 208 engages arms 216 and urges arms 216 to expand radially 
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outwardly into the bone. The enlarged apertures 220 of slots 218 
both facilitate the expansion of arms 216 and help ensure that arms 
216 flex at the locations of apertures 218 rather than more 
proximally. As with previously-discussed embodiments, the amount 
5 of expansion corresponds to the amount in which inner member 204 
is advanced distally into outer member 224. 



The driver (not shown) used to advance inner 202 engages the 
proximal end of outer member 202 to drive outer member 202 into a 
10 bone hole. A rotatable driving element (also not show) is used to 
thread inner member 204 into outer member 202. Axial ridges 230 
keep outer member 202 stationary as inner member 204 is being 
advanced. 

1 5 Because outer member 202 includes two rather than four arms, 

the expanded outer member 202 is oval or elliptical in shape yvhen 
viewed from above. Put another way, outer member 202 does not 
expand in the direction of slots 218 and thus does not damage 
suture lying within slots 218. The suture is also protected during the 

20 insertion of suture anchor 200 into the bone and while inner member 
204 is being advanced into outer member 202 by channels 226. 
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1 . A suture anchor comprising 

a pair of members one of which includes a suture mount, 
5 said members being configured to be secured together in a 

selected one of a plurality of positions to cause a first one of said 
members to expand by an amount that corresponds to the selected 
position. 

10 2. The suture anchor of claim 1 wherein said first one of said 
members comprises an outer member having an opening therein, a 
second one of said members comprising an inner member 
progressively insertable into said opening to be secured to said 
outer member in said selected one of said plurality of positions. 

15 

3. The suture anchor of claim 2 wherein said outer member 
includes a body configured to be secured to said inner member and 
an expandable portion configured to be expanded by said inner 
member, said opening being disposed through said expandable 

20 portion and said body along a longitudinal axis of said outer 
member. 

4. The suture anchor of claim 3 wherein said expandable portion 
includes a plurality of arms which extend axially from said body to a 

25 proximal end of said outer member. 

5. The suture anchor of claim 4 wherein said inner member is 
insertable into said opening at said proximal end of said outer 
member and includes an enlargement which engages said arms and 

30 causes said arms to progressively expand radially outwardly as said 
inner member is inserted distally into said opening. 
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6. The suture anchor of claim 4 wherein said enlargement is 
disposed on a portion of an exterior surface of said inner member 
and tapers in size axially along said inner member. 

5 

7. The suture anchor of claim 6 wherein said enlargement 
comprises a conically shaped proximal end of said inner member. 

8. The suture anchor of claim 5 wherein said enlargement 

10 comprises a rib disposed on a portion of an exterior surface of said 
inner member. 

9. The suture anchor of claim 4 wherein said arms are arranged 
around a periphery of said outer member and are circumferentially 

1 5 spaced by axially extending slots. 

1 0. The suture anchor of claim 9 wherein each of said slots 
includes an enlarged portion adjacent to a junction between said 
arms and said body. 

20 

1 1 . The suture anchor of claim 3 wherein said opening is threaded 
in said body, a distal region of said inner member being threaded to 
threadably engage said body to secure said inner member to said 
outer member in said selected one of said plurality of positions. 

25 

12. The suture anchor of claim 3 wherein said inner member and 
said outer member are configured for ratchet-like engagement 
therebetween as said inner member is axially inserted into said 
opening. 

30 
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1 3. The suture anchor of claim 12 wherein said inner member 
includes circumferential grooves arranged axially along an exterior 
surface of said inner member, and said body of said outer member 
includes a projection in said opening to progressively engage said 

5 grooves as said inner member is axially inserted into said opening. 

14. The suture anchor of claim 4 further comprising a ridge 
disposed on an exterior surface of said arms and oriented 
transversely to said axis. 

10 

1 5. The suture anchor of claim 4 further comprising a ridge 
disposed on an exterior surface of said body and oriented along said 
axis. 

15 16. The suture anchor of claim 2 wherein said outer member is 
configured for insertion into a pre-drilled bone hole. 

17. The suture anchor of claim 2 wherein said outer member 
includes threads on an exterior surface thereof. 

20 

18. The suture anchor of claim 2 wherein said suture mount 
comprises a suture receiving passage in said inner member and 
arranged along a longitudinal axis of said inner member. 

25 1 9. The suture anchor of claim 1 8 wherein said suture receiving 
passage has an enlarged portion at a distal end of said inner 
member. 



30 



20. The suture anchor of claim 1 9 wherein said enlarged portion 
tapers in width proximaily along said longitudinal axis. 
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21 . The suture anchor of claim 2 wherein said suture mount 
includes suture receiving passage in said inner member and 
disposed transversely to a longitudinal axis of said inner member. 

5 22. The suture anchor of claim 21 wherein said passage includes a 
pair of open ends in an exterior surface of said inner member, and 
further comprising a pair of axially oriented channels in said exterior 
surface adjacent to said open ends. 

10 23. The suture anchor of claim 2 wherein said suture mount is 
disposed on said outer member. 

24. The suture anchor of claim 3 wherein said opening terminates in 
a closed distal end of said body. 

15 

25. The suture anchor of claim 24 wherein said closed distal end 
forms a tapered tip. 

26. The suture anchor of claim 24 wherein said suture mount 
20 includes a suture receiving passage in said closed distal end 

oriented transversely to a longitudinal axis of said outer member. 

27. The suture anchor of claim 26 wherein said passage includes a 
pair of open ends in an exterior surface of said distal end, and 

25 further comprising a pair of axially oriented channels in said exterior 
surface adjacent to said open ends. 

28. The suture anchor of claim 26 wherein said expandable portion 
includes a plurality of arms which extend axially from said body to a 

30 proximal end of said outer member, said arms being arranged 

around a periphery of said outer member and being circumferentially 
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spaced by axially extending slots that are aligned with said 
channels. 

29. A suture anchor comprising 

5 an outer member which includes a body with an axially 

extending, threaded opening therein which terminates at a closed 
distal end of said body, and a plurality arms arranged about the 
periphery of said body and extending axially from said body to a 
proximal end of said outer member, 

10 

a suture mount including a suture receiving passage in said 
closed distal end oriented transversely to a longitudinal axis of said 
outer member, and 

an inner member having a threaded distal end configured to be 
1 5 inserted into said opening and threadably engage said body, and an 
enlargement on a proximal region thereof configured to engage said 
arms and cause said arms to be expanded radially by a selected 
amount that corresponds to an amount by which said distal end is 
inserted into said opening. 

20 

30. The suture anchor of claim 29 wherein said enlargement 
comprises a conicaliy shaped proximal end of said inner member. 

31 . The suture anchor of claim 29 wherein said enlargement 

25 comprises a rib disposed on a portion of an exterior surface of said 
inner member. 

32. The suture anchor of claim 29 wherein said suture receiving 
passage has a pair of open ends in an exterior surface of said distal 

30 end, and further comprising a pair of axially oriented channels in 
said exterior surface adjacent to said open ends of said passage. 



WO 97/29693 



26 



PCT/US97/02200 



33. The suture anchor of claim 29 wherein said arms are 
circumferentially spaced by axially extending slots that are aligned 
with said channels, each of said slots having an enlarged portion 

5 adjacent to a junction between said arms and said body. 

34. The suture anchor of claim 29 further comprising a plurality of 
axially spaced ridges disposed on an exterior surface of said arms 
and oriented transversely to a longitudinal axis of said outer 

10 member. 

35. The suture anchor of claim 29 further comprising a plurality of 
circumferentially spaced ridges disposed on an exterior surface of 
said body and oriented along a longitudinal axis of said outer 

15 member. 

36. Apparatus comprising 

a suture anchor that includes 

an outer member and an inner member, one of which has a 
20 suture mount, 

said outer member having an opening therein and said inner 
member being configured to be secured to said outer member in a 
selected one of a plurality of positions in said opening to cause said 
outer member to expand by an amount that corresponds to the 
25 selected position; and 

a driver configured to engage said inner member and insert 
said inner member into said opening and secure said inner member 
at said selected position. 



30 37. The apparatus of claim 36 wherein 
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said an outer member includes a body having an axially 
extending opening therein, and a plurality of arms which extend 
axially from said body to a proximal end of said outer member, said 
arms being arranged around a periphery of said body, and said 
5 inner member has a distal end configured to be secured to said 
outer member within said opening in said selected one of said 
plurality of positions, and an enlargement on a proximal region 
thereof configured to engage said arms, 

said driver and said proximal region of said inner member 

10 being configured to engage each other so that said driver can 
transmit force to said inner member to progressively insert said 
distal region into said opening and cause said enlargement to 
engage and radially expand said arms by a selected amount that 
corresponds to an amount by which said distal end is inserted into 

15 said opening. 

38. The apparatus of claim 37 wherein said opening of said outer 
member and said distal end of said inner member are threaded, said 
proximal region of said inner member and said driver being 

20 configured to enable said driver to rotate said inner member to 
progressively insert said inner member into said outer member. 

39. The apparatus of claim 38 wherein said proximal region 
includes a socket and said driver includes a post configured to be 

25 received by said socket. 

40. The apparatus of claim 39 wherein said suture mount includes 
a suture receiving passage disposed in said inner member along a 
longitudinal axis thereof, said passage having an open end disposed 

30 in said socket, said driver having an passage disposed therein and 
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arranged to communicate with said suture receiving passage when 
said post is received in said socket. 



4 1 . The apparatus of claim 38 wherein 

5 said outer member of said suture anchor includes a plurality of 

axially extending slots between said arms, and 

said driver includes an outer sleeve with a distal end 
configured to be received by said slots, and a rotatable inner shaft 
disposed within an outer sleeve and configured to engage said 
10 proximal region of said inner member of said suture anchor. 

42. The apparatus of claim 41 further comprising an exterior 
shoulder positioned on said outer sleeve at a selected distance 
proximally of said distal end thereof. 

15 

43. A suture anchor, comprising 
an outer member, 

an inner member axially elongated between a proximal end 
and a distal region which is configured to be inserted into said outer 
20 member, 

said inner member including a suture receiving passage 
disposed axially therethrough, a portion of said suture receiving 
passage in said distal region of said inner member being enlarged 
relative to other portions of said passage. 

25 

44. The suture anchor of claim 43 wherein said enlarged portion 
tapers in as said passage extends proximally. 

45. A method of inserting a suture anchor into bone, comprising 
30 providing a suture anchor that includes a pair of members one 

of which includes a suture mount, 
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implanting a first one of said members into the bone, and 
securing a second one of the members to said first member in 
a selected one of a plurality of positions to cause a said first member 
to expand by an amount that corresponds to the selected position. 

5 

46. The method of claim 45 wherein said securing step includes 
progressively inserting said second member into an opening in said 
-first member and securing said second member in said selected one 
of said plurality of positions in said opening. 

10 

47. The method of claim 46 wherein said step of progressively 
inserting includes threading said second member into said opening. 

48. The method of claim 47 further comprising preselecting a 
15 threshold amount of force to be exerted on said second member 

during said inserting, measuring said force during said inserting of 
said second member, and stopping said inserting member when 
said threshold is reached. 

20 49. The method of claim 45 wherein said step of implanting 
includes forming a hole in the bone and then installing said first 
member into said hole. 

50. The method of claim 45 wherein said step of implanting 
25 includes threadably inserting said first member into the bone. 

51. The method of claim 45 wherein said step of implanting includes 
preassembling said first member and said second member and 
inserting them as a unit into the bone. 

30 
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52. The anchor substantially as described herein with reference to 
the accompanying drawings. 



5 



53. The apparatus substantially as described herein with reference 
to the accompanying drawings. 
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(54) Title: EXPANDABLE SUTURE ANCHOR 
(57) Abstract 

An adjustably expandable suture anchor (10) includes a pair of members, one of 
which includes a suture mount, that is configured to be secured together in a selected one 
of a plurality of positions to cause one of the members to expand by an amount that 
corresponds to the selected position. The expandable member is an outer member (12) and 
the other member is an inner member (14) which is progressively insertable into an 
opening (16) in the outer member, and securable in the selected position therein. The 
inner member can be threaded into the outer member or inserted therein in a rachet-like 
fashion. As the inner member is inserted distally into the outer member, an exterior 
enlargement (29) on the inner member engages arms (22) which extend proximally mom 
the body, and causes the arms to progressively expand radially outwardly. The adjustable 
expansion allows the amount of fixation to be varied accordingly. 
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